Measles virus nucleoprotein (NP) and matrix (M) components were purified by two different procedures. Antigens were prepared by sedimenting material from ,% Cutscum extracts of infected cells into the interphase between 65 and 4o~ sucrose and further fractionation of the interphase material in a linear CsC1 gradient, density range I-2o to I'33 g/ml. NP components contaminated with some M material and cellular actin banded at 1.3o to 1.32 g/ml, but at the low density range of 1.2o to 1.22 g/ml pure M component was demonstrable. Partially denatured antigens were obtained by elution of the 6oK NP and 36K M polypeptides after SDS-polyacrylamide slab gel electrophoresis. Rabbit hyperimmune sera were prepared against both purified antigens and isolated polypeptides. All sera reacted only with homologous antigen except the antiserum against NP components isolated from CsCI gradients, which also contained antibodies to the M component. Antibodies against NP antigen stained both intranuclear inclusions and cytoplasmic material in immune fluorescence tests. In contrast, antisera against M antigen only stained the cytoplasm. Since intranuclear nucleocapsids are smooth, whereas intracytoplasmic nucleocapsids are 'fuzzy', this may infer that the fuzziness, at least in part, is caused by M antigen adhering to nucleocapsid components.
INTRODUCTION
Measles virus can persist in man and result in the chronic neurological disease subacute sclerosing panencephalitis (SSPE; ter Meulen et al. I972) . The mechanism by which virusinfected cells escape the immune surveillance of the patient remains unknown. Recent studies have suggested that the membrane (M) proteins of wild and SSPE strains of measles virus differ (Hall et al. I978) . Further studies by Hall et al. (I979) demonstrated that the immunological response to the M protein of measles virus is reduced in patients with SSPE. This observation has been confirmed by Wechsler et al. (1979) and Stephenson & ter Meulen (I979) .
Monospecific antisera for measles structural proteins may be of use in studying the assembly of measles virus. Therefore, such antisera would serve as useful probes in the analysis of virus persistence. In this paper, two methods for the production of monospecific antisera for M and nucleocapsid (NP) proteins of measles are described. The specificity of these sera was determined in immunodiffusion, radioimmune precipitation and different additional serological tests. Indirect immunofluorescence studies using the monospecific antisera for M and NP components were used to demonstrate the intracellular distribution of these products in measles virus-infected cells.
METHODS

Virus and cells.
The Lec strain of measles virus was propagated in mycoplasma-free Vero cells. Virus-infected cells showing advanced cytopathic changes were scraped off and used as a Io ~ concentrate (v/v) in phosphate-buffered saline (PBS) for extraction of cell-associated antigens. These were released by treatment with t ~ Cutscum (Fischer Scientific, Fair Lawn, N.J., U.S.A.; chemically identical to Triton X-Ioo) as described previously (Norrby & Hammarskj/)ld, 1972 ) . Extracellular virus was concentrated and purified as described earlier (Tyrrell & Norrby, I978) .
Fractionation of M and NP antigens derived from cells by centrifugation techniques.
Cutscum extracts of infected cells were centrifuged to the interphase between 40 and 65 sucrose solutions at 22 000 rev/min for 4 h, in an SW27 rotor (Spinco, Beckman Instruments, Palo Alto, Calif., U.S.A.). This preparation was previously referred to as purified nucleocapsids (Norrby & Hammarskj61d, 1972) . However, SDS-polyacrylamide slab gel electrophoresis (SDS-PAGE) revealed the occurrence of polypeptides other than the 6oK NP protein (see Tyrrell & Norrby, 1978 and below) . Further fractionation was therefore performed by centrifugation of interphase material from discontinuous sucrose gradients on to linear CsCl gradients, density range 1.2o to 1.33 g/ml, at 3oooo rev/min for 3 h in an SW4o rotor. AbOut 20 fractions of equal volume were collected and the presence of virus antigens was determined in complement-fixation (CF) tests.
Preparation of measles virus polypeptides by SDS-PAGE. Purified measles virus (approx.
2 rag) was electrophoresed using a modification of the method of Laemmli (I97o) in a large preparative slab gel', I2 × i2 x 0. 4 era. The slab gel apparatus was similar to that described by Studier (I973). The spacer gel was 4"5~ acrylamide and O'I2~o N,N'-methylenebisacrylamide (bis) and the separation gel was Io~ acrylamide and o'I8~o bis. The electrophoresis was performed at room temperature at 25 mA for 7 h. The gels were stained for ~2 h in o'25~ Coomassie brilliant blue in 35~ ethanol, IO~ acetic acid in water and destained with 35~o ethanol and IO~o acetic acid in water. After destaining, the gels were washed for 5 h with gentle agitation in I 1 PBS (changed at I and 3 h). The NP (6oK) and M (36K) proteins were cut out from the gel. Two ml PBS was added to each gel section before disruption in a Dounce homogenizer to a particle size that would pass easily through a 27 gauge needle.
Immunization of rabbits. Pooled fractions from CsC1 gradients were dialysed against PBS for removal of salt and then mixed with an equal volume of Freund's complete adjuvant. The material was injected intramuscularly. Five weeks later a booster with the same antigen preparation was given intravenously. The animals were exsanguinated after one more week and serum prepared.
Polypeptides isolated from SDS-PAGE and homogenized as described above were mixed with Freund's complete adjuvant and inoculated into rabbits intramuscularly. Each animal received an intramuscular booster of the appropriate measles antigen in Freund's incomplete adjuvant at 3 and 4 weeks post-immunization. After another 2 weeks the animals were bled and serum collected. For comparison two rabbits were immunized with 2 mg of purified whole measles virus in Freund's complete adjuvant. The immunization schedule was the same as above with I mg of purified measles virus in Freund's incomplete adjuvant given as boosters.
Serological tests. Preimmunization and post-immunization antisera were evaluated for haemolysin inhibition (HLI), haemagglutination inhibition (HI) and CF antibodies as described previously (Norrby & Gollmar, I971) . Different preparations of NP and/or M antigens recovered from gradients were used as antigens. In addition, a previously described technique for immune diffusion was employed (Norrby & Gollmar, 1971) . Cell concentrates treated with o'25~ SDS or l ~o Cutscum were used as antigen.
Radioimmunoprecipitation. Confluent monolayers of CV-T cells or Vero cells infected with the Lec strain of measles virus at o.oI p.f.u./cell were used for preparation of labelled antigens. Thirty-six h p.i. the medium was removed and the cells incubated with methioninefree medium. After I h this medium was replaced with methionine-deficient medium containing I6o/tCi/ml 35S-methionine and incubated for 2 h. Alternatively, the cultures were incubated with a medium containing I/4 the normal concentration of methionine plus zo/~Ci/ml zsS-methionine and harvested after 1 to 3 days. The cells were then washed three times with PBS and solubilized in modified radioimmune precipitation assay (RIPA) buffer according to Lamb et al. (I978) . In order to limit intracellular proteolysis of measles structural proteins, a protease inhibitor was added to the medium during the period of radiolabelling. The protease inhibitors used were o.I mM-N-~-p-tosyl-L-lysine chloromethyl ketone HCI (TLCK), o.I mM-L-I-tosylamide-z-phenylethylchloromethyl ketone (TPCK) or ~oo K.I.U./ml Tyasylol Aprotinin in some experiments. In other experiments ~ mMphenylmethylsulphonyl fluoride was combined with Aprotinin.
The cell lysate was centrifuged at 6oooo g for 3 ° min in an SW6o Beckman rotor. The supernatant was either used immediately for immunoprecipitation or stored at -lO °C until used. Sepharose 4 B covalently linked to staphylococcal protein A was used in the immunoprecipitation procedure. This procedure and preparation of the samples for SDS-PAGE have been previously described (Lamb et al. I978) . Scintillation autofluorography was performed using the method of Bonner & Laskey (I974) .
Immunofluorescence. The different antisera against NP and M antigens were used in immunofluorescence studies of infected and uninfected cells. A human heteroploid cell line, Luio6 cells and a line of Luio6 cells chronically infected with the Edmonston strain of measles virus (Norrby, I967) were used. The cells were grown as a monolayer on glass slides (25 cm 2) and washed three times with PBS, fixed in acetone (-2o °C) and air dried. The antisera were diluted I : 5o in PBS and used for indirect immunofluorescence. After washing, the antigen-antibody complexes were stained with a sheep anti-rabbit fluorescein (fluorescein isothiocyanate, FITC) conjugate. The cells were evaluated in a Zeiss fluorescence microscope. Live infected cells were stained as previously described (Tyrrell & Ehrnst, I979) .
Chemicals and isotopes. 35S-methionine was obtained from The Radiochemical Centre, Amersham, Bucks, U.K. TLCK and TPCK were purchased from Sigma, St. Louis, Mo., U.S.A.). Aprotinin was obtained from Boehringer Ingelheim Limited, Mannheim, F.R.G. Sepharose 4 B was obtained from Pharmacia, Uppsala, Sweden. Sheep anti-rabbit fluorescein conjugate was provided by the National Bacteriological Laboratory, Stockholm, Sweden.
RESULTS
Preparation of purified NP and M proteins
When preparations of previously denoted purified nucleocapsids (Norrby & HammarskjSld, I971) were analysed by SDS-PAGE it was found that they contained varying concentrations of different structural polypeptides. Two different approaches were made to obtain preparations of higher purity and to attempt the preparation of antisera specific for NP and M antigens. The first approach included further fractionation of purified nucleocapsid material in CsC1 gradients and the second approach an isolation of individual NP Fig. J . Distribution of CF antigen activity after centrifugation of a pool of predominantly M and NP antigen on to a linear CsCI gradient, density range x.2o to I'33 g/ml, at 300o0 rev/min for 3 h in an SW4o rotor. The M and NP antigen preparation was recovered from the interphase between 65 and 4o~ sucrose after sedimentation of a 1% Cutscum extract of infected ceils and the CF test was performed with an antiserum against this interphase material.
and M polypeptide bands after separation by SDS-PAGE. Whereas the former method might allow isolation of native antigens, the latter method provides antigens that may be partially denatured.
Virus antigens were released from infected Vero cells by treatment with I ~/o Cutscum and then sedimented into a discontinuous 40 and 65 ~o sucrose gradient (see Methods). Material accumulating in the interphase was then recentrifuged on a linear CsC1 gradient (Fig. I) . CF antigen activity detected by an antiserum against interphase material from sucrose gradients accumulated at densities of 1.3o to 1"32 g/ml, about 1.28 g/ml and immediately below the material layered on to the gradient, 1.2o to 1-22 g/ml. A similar pattern of distribution of CF antigen activity was demonstrated in repeated experiments. SDS-PAGE analysis of purified whole virus (Tyrrell & Norrby, 1978 ) and the high and low density CF antigens from CsC1 gradients (fractions 2 to 4 and IO to I2, respectively, in Fig. I ) was performed (Fig. 2) . The high density material contained the NP polypeptide and, in addition, cellular actin and virus F1 and M polypeptides, whereas the low density material only contained detectable M polypeptide.
Characterization of antibody activity of antisera against NP and M antigens
Rabbit hyperimmune sera were prepared against the high and low density CF antigens illustrated in Fig. 1 and NP and M polypeptides isolated from SDS-PAGE-fractionated whole virus (Fig. 2) . The antibody activities of these sera were characterized by different tests.
HI, HLI and CF tests
None of the sera contained antibodies against the surface of virions detectable by HI and HLI tests. In the CF tests high and low density antigens from CsCI gradients (Fig. i) were employed. Whereas the low density antigen appeared homogeneous and contained only M antigen, the high density antigen contained both NP and M antigens. Thus it was only possible to demonstrate if an antiserum contained antibodies exclusively against NP antigen. As shown in Table 1 , only the antiserum against NP polypeptide displayed this specificity and the other sera contained antibodies against M and/or NP antigens. 
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Radioimmune precipitation
The four kinds of sera were further characterized by use of this technique (Fig. 3 A, B) . Sera precipitated either the N P polypeptide (6oK and degradation products of mainly 40 to 45K size) or the M polypeptide (36K). In some experiments the antiserum against high density C F antigen precipitated some M polypeptide. The addition of proteinase inhibitors markedly reduced, but did not eliminate, the breakdown of N P antigen during processing of material (Fig. 3 B) . 
Immunodiffusion
I m m u n e precipitates were only d e m o n s t r a b l e with antisera against antigens from CsC1 gradients (Fig. I ) b u t n o t against polypeptides isolated from S D S -P A G E . N o reactions were seen with antigen from uninfected cells. The serum against low density C F antigen only gave one precipitin line, interpreted to be specific for M antigen (Fig. 4) Measles virus nucleocapsid and membrane proteins 3 ! 3 demonstrable with infected cells treated with I ~ Cutscum, but not with 0"25 ~o SDS, inferring that the M antigen is destroyed by the latter treatment. However, NP antigen appeared to tolerate the treatment with o.25 ~ SDS and antibodies against this antigen were demonstrable in sera against unfractionated material and against high density CF antigen from CsC1 gradients. In addition, the latter sera contained antibodies against M antigen. Thus, these results show that a specific antiserum against native M antigen had been obtained, but that the serum against high density CF antigen contained antibodies reacting with both NP and M antigen.
Demonstration of the topographical distribution of NP and M antigens in infected cells by immune fluorescence Antisera against both purified antigens from CsC1 gradients and polypeptides isolated from SDS-PAGE were characterized in tests with both Lec virus-infected Vero cells and measles carrier LuIo6 cells. None of the sera stained uninfected cells. Furthermore, when live infected cells were used as previously described (Tyrrell & Ehrnst, I979) , no immune fluorescence was demonstrable. This infers that neither M nor NP proteins are exposed at the surface of infected cells in quantities demonstrable by this technique. It was a consistent finding with acetone-fixed virus-infected cells that sera containing antibodies against NP antigen stained intranuclear inclusions and cytoplasmic material (Fig. 5a ), whereas specific antisera against the M antigen gave only cytoplasmic staining (Fig. 5 b) .
DISCUSSION
This report describes the production of antisera against the NP and M proteins of measles virus using two different kinds of antigen preparations. These antisera should provide useful probes for studies of the biology of measles virus and its associated diseases. A successful immunization of animals using antigens prepared on SDS-PAGE slab gels has been previously described (Lazarides & Lindberg, I974) . Rabbit immunization with NP and M polypeptides prepared by SDS-PAGE produced potent antisera, which appeared specific for the homologous antigen on the basis of CF, radioimmunoprecipitation and immunofluorescence tests. Although it is difficult to eliminate completely all cellular proteins from measles virus preparations, the polypeptides recovered from the slab gels did not induce the production in rabbits of antibodies giving immunofluorescent staining of uninfected cells. There is a strong association between NP and M proteins which makes it difficult to purify NP protein by centrifugation techniques. This strong association can be at least partially disrupted in the presence of high concentrations of salt as shown for Newcastle disease virus by Scheid & Choppin (t973). When measles virus NP preparations were purified in CsCI gradients, M and actin proteins remained associated with the NP protein. However, at a lower density in the CsC1 gradient, pure M protein was recovered, probably due to its solubilization by the high concentration of salt. The high and low density antigen preparations from CsC1 gradients were used to produce antibodies to M and NP proteins. A serum specific for M protein was obtained, but the antiserum against high density antigen as expected contained antibodies to both NP and M antigens.
The immunoprecipitation of several polypeptides with the antisera against NP protein was not surprising since evidence for intracellular breakdown of NP components of paramyxoviruses has previously been demonstrated (Mountcastle et al. I97O) . Breakdown of measles virus NP components has been shown by Stallcup et al. (I979) . These breakdown products of the NP polypeptide were seen when NP components were isolated from the cytoplasm of infected cells, but not when preparations of purified virions were employed (D. L. J. Tyrrell & D. J. Rafter, unpublished data) . This would suggest that the NP breakdown is the result of the action of cellular proteases. The finding of a marked decrease of occurrence of NP breakdown products when the cells were labelled in the presence of protease inhibitors, as shown in this study and by others, supports this concept. Wechsler & Fields (1978) have studied the intracellular synthesis of measles polypeptides in cell extracts. All major measles polypeptides were present in the cytoplasm. Purified nuclei contained the L, P, NP and M proteins. Our studies have confirmed the presence of NP antigen in the nuclei of infected cells. However, staining with antiserum to M protein failed to show evidence of intranuclear M protein in infected cells.
Two types of nucleocapsids have been described on electron microscopy of measlesinfected cells (Fraser & Martin, I978) . The intranuclear nucleocapsids are 'smooth' with a diam. of approx. 2o mm. In contrast, intracytoplasmic nucleocapsids are usually 'fuzzy" and have a diam. of 3o to 5o nm. This fuzziness may at least in part represent M protein since we were unable to demonstrate this protein in the nucleus, which harbours only smooth nucleocapsids.
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